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1
ELECTRONIC COMPONENT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
Patent Application No. 2017-133444 filed on Jul. 7, 2017,
the entire content of which 1s incorporated herein by refer-
ence.

BACKGROUND

Technical Field

The present disclosure relates to an electronic component
device for which a lead frame 1s used

Related Art

In the related art, an electronic component device in
which a power semiconductor chip having a power MOS-
FET 1s packaged using a lead frame has been developed. In
the electronic component device, a plurality of solder bumps
of the power semiconductor chip 1s tlip chip-connected to a
lower lead frame, and a rear surface of the power semicon-
ductor chip 1s connected to an upper lead frame via a solder.

Patent Document 1: JP-A-2004-332105

Patent Document 2: JP-A-2006-501675

As described later 1n paragraphs of preliminary matters, in
the electronic component device in which the power semi-
conductor chip 1s packaged using the lead frame, a terminal
part of the power semiconductor chip i1s connected to a pad
part on a copper electrode via the solder.

When reflow heating the solder, a flux contained in the
solder flows out to a surrounding of the pad part. Accord-
ingly, the wettability of the solder 1s secured on the copper
clectrode around the pad part, as well, and the solder tlows
out to the surrounding of the pad part.

For this reason, the solder flows outward from the pad
part, so that the power semiconductor chip may be tilted or
mounted with being positionally misaligned and an electric
short or open may be caused 1n the lead frame.

SUMMARY

Exemplary embodiments of the mnvention provide an
clectronic component device having a novel structure
capable of preventing a metal joining material from tlowing
out to a surrounding of a pad part of a lead frame when
connecting an electronic component to the pad part via the
metal joining material.

An electronic component device according to an exem-
plary embodiment comprises:

a first lead frame having a first connection terminal, the
first connection terminal comprising

a first metal electrode,

a first pad part formed on an upper surface of the first

metal electrode and formed by a metal plated layer, and

a first metal oxide layer formed on an upper surface of the

first metal electrode 1n a surrounding region of the first
pad part so as to surround an outer periphery of the first
pad part; and

an electronic component having a {first terminal part
provided on 1ts lower surface,

wherein the first terminal part of the electronic component
1s connected to the first pad part of the first connection
terminal via a metal joining material.
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2

A manufacturing method of an electronic component
device according to an exemplary embodiment, the manu-
facturing method comprises:

patterning a metal plate to form a first metal electrode;

forming a metal plated layer on an upper surface of the
first metal electrode to obtain a first pad part;

forming a first metal oxide layer on an upper surface of
the first metal electrode 1n a surrounding region of the first
pad part to obtain a first lead frame having a first connection
terminal comprising the first metal electrode, the first pad
part and the first metal oxide layer; and

connecting a first terminal part provided on a lower
surface-side of an electronic component to the first pad part
of the first connection terminal via a metal joining materal.

According to the present disclosure, in the first connection
terminal of the first lead frame of the electronic component
device, the first pad part configured by the metal plated layer
1s formed on the upper surface of the first metal electrode,
and the first metal oxide layer 1s formed on the upper surface
of the first metal electrode 1n the surrounding region of the
first pad part.

The first terminal part provided on the lower surface-side
of the electronic component 1s connected to the first pad part
of the first connection terminal via the metal joining mate-
rial.

In one preferable aspect, the metal joining material 1s
formed of a solder containing a flux. The flux has a function
of securing the wettability of the solder by removing a
natural oxide film on a surface of a metal layer.

When the solder 1s reflow-heated and thus the flux flows
out to a surrounding of the pad part, the flux reduces the first
metal oxide layer having a predetermined thickness around
the pad part, so that an active force of the flux 1s decreased.

For this reason, since the wettability of the solder cannot
be obtained in the surrounding region of the pad part, the
solder 1s arranged 1n the pad part. Thereby, the outtlow of the
solder onto the first metal oxide layer 1s suppressed. Accord-
ingly, a situation where the electronic component 1s tilted or
mounted with being positionally misaligned and an electric
short or open 1s caused 1n the lead frame 1s prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are sectional views depicting an aspect
ol connecting a power semiconductor chip to a pad part of
a lead frame relating to preliminary matters via a solder (1
thereol).

FIGS. 2A and 2B are sectional views depicting the aspect
ol connecting the power semiconductor chip to the pad part
of the lead frame relating to the preliminary matters via the
solder (2 thereot).

FIG. 3 1s a plan view depicting an entire shape of one lead
frame of an exemplary embodiment.

FIGS. 4A and 4B are a partial plan view and a partial
sectional view depicting one lead frame of the exemplary
embodiment.

FIGS. SA to 5C are sectional views and a plan view
depicting an aspect of connecting a power semiconductor
chip to a pad part of a lead frame of the exemplary
embodiment via a solder.

FIGS. 6A and 6B are a sectional view and a plan view
depicting an aspect of connecting a power semiconductor
chip to a pad part of a lead frame of Comparative Example
1 via a solder.
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FIGS. 7A to 7C are sectional views and a plan view
depicting an aspect of connecting a power semiconductor
chip to a pad part of a lead frame of Comparative Example
2 via a solder.

FIG. 8 1s a plan view depicting an entire shape of the other
lead frame of the exemplary embodiment.

FIGS. 9A and 9B are a partial plan view and a partial
sectional view depicting the other lead frame of the exem-
plary embodiment.

FIGS. 10A and 10B are plan views depicting a manufac-
turing method of one lead frame of the exemplary embodi-
ment (1 thereot).

FIGS. 11A and 11B are a partial plan view and a partial
sectional view depicting the manufacturing method of one
lead frame of the exemplary embodiment (2 thereot).

FIGS. 12A and 12B are a partial plan view and a partial
sectional view depicting the manufacturing method of one
first lead frame of the exemplary embodiment (3 thereol).

FIGS. 13A and 13B are a partial plan view and a partial
sectional view depicting the manufacturing method of one
lead frame of the exemplary embodiment (4 thereof).

FIGS. 14A and 14B are plan views depicting a manufac-
turing method of the other lead frame of the exemplary
embodiment (1 thereot).

FIGS. 15A and 15B are a partial plan view and a partial
sectional view depicting the manufacturing method of the
other lead frame of the exemplary embodiment (2 thereot).

FIGS. 16 A and 16B are a partial plan view and a partial
sectional view depicting the manufacturing method of the
other lead frame of the exemplary embodiment (3 thereof).

FIGS. 17A and 17B are a partial plan view and a partial
sectional view depicting the manufacturing method of the
other lead frame of the exemplary embodiment (4 thereof).

FIGS. 18A and 18B are a partial plan view and a partial
sectional view depicting the manufacturing method of the
other lead frame of the exemplary embodiment (5 thereof).

FIGS. 19A and 19B are a partial plan view and a partial
sectional view depicting a manufacturing method of an
clectronic component device of the exemplary embodiment
(1 thereotl).

FIGS. 20A to 20C are plan views and a sectional view
depicting the manufacturing method of the electronic com-
ponent device of the exemplary embodiment (2 thereot).

FIG. 21 1s a partial sectional view depicting the manu-
facturing method of the electronic component device of the
exemplary embodiment (3 thereof).

FIGS. 22A and 22B are a partial plan view and a partial
sectional view depicting the manufacturing method of the
clectronic component device of the exemplary embodiment
(4 thereot).

FIGS. 23A and 23B are a partial plan view and a partial
sectional view depicting the manufacturing method of the
clectronic component device of the exemplary embodiment
(5 thereotl).

FIG. 24 1s a partial sectional view depicting the manu-
facturing method of the electronic component device of the
exemplary embodiment (6 thereof).

FIG. 25 1s a partial sectional view depicting the manu-
facturing method of the electronic component device of the
exemplary embodiment (7 thereof).

FIG. 26 1s a partial sectional view depicting the manu-
facturing method of the electronic component device of the
exemplary embodiment (8 thereof).

FIG. 27 1s a partial sectional view depicting the manu-
facturing method of the electronic component device of the
exemplary embodiment (9 thereof).
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FIG. 28 1s a sectional view depicting an electronic com-
ponent device of the exemplary embodiment.

FIGS. 29A and 29B are plan views depicting the elec-
tronic component device of the exemplary embodiment.

FIG. 30 1s a sectional view depicting an electronic com-
ponent device of a first modified embodiment of the exem-
plary embodiment.

FIG. 31 1s a sectional view depicting an electronic com-
ponent device of a second modified embodiment of the
exemplary embodiment.

DETAILED DESCRIPTION

Hereinatter, an exemplary embodiment will be described
with reference to the accompanying drawings.

Belore describing the exemplary embodiment, prelimi-
nary matters, which are bases of the present disclosure, are
first described. It should be noted that the preliminary
matters include personal investigation contents of the inven-
tors and 1nclude technology contents, which are not a known
technology.

FIGS. 1A to 2B depict an aspect of connecting a power
semiconductor chip to a pad part of a lead frame relating to
the preliminary matters via a solder.

As shown 1n FIG. 1A, a copper plate 1s first patterned to
prepare a lead frame 100 having a copper electrode 120. The
lead frame 100 1s demarcated into a plurality of product
regions. In FIG. 1A, a part of one product region 1s shown.

Then, as shown 1n FIG. 1B, a silver (Ag) plated layer 1s
formed on a connection part of the copper electrode 120, so
that a pad part P 1s obtained. The pad part P has a quadran-
gular shape, as seen from above, and an area thereof is
relatively large, for example, 2 mmx2 mm to 5 mm 5 mm.

Then, as shown 1n FIG. 2A, a solder paste 2004 1s applied
to the pad part P on the copper electrode 120. In the solder
paste 200q, a flux 1s contained 1n a solder. The flux 1s
contained so as to secure the wettability of the solder to the
pad part P. Also, a power semiconductor chip 300 1s pre-
pared.

Then, as shown 1n FIG. 2B, a terminal part (not shown)
provided on a lower surface-side of the power semiconduc-
tor chip 300 1s arranged on the solder paste 200a, and 1s
pressed, which 1s then retlow-heated.

Thereby, the terminal part of the power semiconductor
chip 300 i1s connected to the pad part P on the copper
electrode 120 via a solder 200. At this time, when reflow
heating the solder paste 200q, the flux 1n the solder paste
200a flows out to a surrounding of the pad part P, together
with solder particles.

For this reason, a natural oxide film of the copper elec-
trode 120 around the pad part P 1s removed, so that the
wettability of the solder i1s secured. As a result, the solder
200 flows out onto the copper electrode 120 around the pad
part P. When outflow amounts of the solder are different in
all directions of the quadrangular pad part P, the power
semiconductor chip 300 1s tilted or mounted with being
positionally misaligned, as shown i FIG. 2B.

Also, the power semiconductor chip 300 1s connected to
the large-area pad part P of the lead frame 100 with the
solder 200 having a suflicient thickness so as to obtain stable
clectric connection. Accordingly, since a volume of the
solder paste 200a to be applied increases, a lateral outflow
distance of the solder 200 also increases.

For this reason, an electric short may be caused due to the
outflow of the solder 200 between the copper electrodes 120
(the connection terminals) 1n one product region of the lead
frame 100 and between the adjacent product regions. Also,
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an electric open may be caused due to the positional mis-
alignment of the power semiconductor chip 300.

A lead frame of the exemplary embodiment, which will be
described later, can solve the above problems.

Exemplary Embodiment

FIGS. 3 to 9B illustrate a lead frame of the exemplary
embodiment, and FIGS. 10A to 18B illustrate a manufac-
turing method of the lead frame of the exemplary embodi-
ment.

Also, FIGS. 19A to 26 illustrate a manufacturing method
ol an electronic component device of the exemplary embodi-
ment, and FIG. 27 depicts an electronic component device of
the exemplary embodiment.

An electronic component device of the exemplary
embodiment includes one lead frame and the other lead
frame. Hereinafter, one lead frame 1s denoted with a refer-
ence numeral “la”, and the other lead frame 1s denoted with
a reference numeral “15”.

In the descriptions of structures of the lead frame and the
clectronic component device of the exemplary embodiment,
one lead frame 1a 1s an example of the first lead frame, and
the other lead frame 15 1s an example of the second lead
frame.

One lead frame 1a 1s first described. FIG. 3 1s a plan view
depicting an entire form of one lead frame 1la of the
exemplary embodiment, as seen from a surface-side.

As shown 1n FIG. 3, the lead frame 1a has an outer frame
part 12 having a rectangular outer shape, and a plurality of
product regions R 1s demarcated at an inner side of the outer
frame part 12.

FIG. 4A 1s a partially enlarged plan view of one product
region R of the lead frame 1a shown in FIG. 3. FIG. 4B 1s
a sectional view taken along a line I-I of the plan view of
FIG. 4A.

As shown 1n FIG. 4A, the lead frame 1a has an inner
frame part 14 coupled to the outer frame part 12 of the lead
frame 1a shown i FIG. 3. A quadrangular region demar-
cated by the mner frame part 14 1s one product region R.

In one end region (a right region) of each product region
R 1n a horizontal direction, a connection terminal GT for
gate 1s arranged. As shown 1n the sectional view of FIG. 4B,
the connection terminal GT for gate 1s configured by a metal
clectrode 20a, a pad part GP formed on an upper surface of
the metal electrode 20a, and a metal oxide layer 22 formed
on an upper surface, side surfaces and a lower surface of the
metal electrode 20a 1n a surrounding region of the pad part
GP.

The metal oxide layer 22 1s formed to coat an entire outer
surface of the metal electrode 20a except the pad part GP.
The metal electrode 20a of the connection terminal GT for
gate 1s coupled to the inner frame part 14 by a coupling part
16.

The pad part GP of the connection terminal GT for gate
1s configured by a metal plated layer. As the metal plated
layer, a noble metal plated layer 1s preferably used, and a
silver (Ag) plated layer, a gold (Au) plated layer, a palladium
(Pd) plated layer or the like 1s used.

Also, a connection terminal ST for source 1s arranged 1n
a central region of each product region R. As shown 1n the
sectional view of FIG. 4B, the connection terminal ST for
source 1s configured by a metal electrode 205, a pad part SP
formed on an upper surface of the metal electrode 2056, and
a metal oxide layer 22 formed on an upper surface, side
surfaces and a lower surface of the metal electrode 206 1n a
surrounding region of the pad part SP.
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The metal oxide layer 22 1s formed to coat an entire outer
surface of the metal electrode 205 except the pad part SP.
The pad part SP of the connection terminal ST for source 1s
configured by a metal plated layer, like the pad part GP.

The metal electrode 206 of the connection terminal ST for

source 1s coupled to the 1nner frame part 14 by the coupling

part 16.

The metal electrode 205 of the connection terminal ST for
source 1s formed with an opening 20x from a central portion
ol a right side to an inner region. The connection terminal
GT for gate 1s arranged 1n the opening 20x of the metal
clectrode 2056 of the connection terminal ST for source.

Also, 1n the other end region (a left region) of each
product region R 1n the horizontal direction, a connection
terminal DT for drain 1s arranged. As shown 1n the sectional
view of FIG. 4B, the connection terminal DT for drain 1s
configured by a metal electrode 20¢, a pad part DP formed
on an upper surface of the metal electrode 20¢, and a metal
oxide layer 22 formed on an upper surface, side surfaces and
a lower surface of the metal electrode 20¢ 1 a surrounding
region ol the pad part DP.

The metal oxide layer 22 1s formed to coat an entire outer
surface of the metal electrode 20c¢ except the pad part DP.
The pad part DP of the connection terminal DT for drain 1s
configured by a metal plated layer, like the pad part GP.

The metal electrode 20c¢ of the connection terminal DT for
drain 1s coupled to the inner frame part 14 by the coupling
part 16.

Also, the metal oxide layer 22 1s formed on outer surfaces
of the coupling part 16, the inner frame part 14 and the outer
frame part 12 as well.

In this way, the connection terminal GT for gate, the
connection terminal ST for source and the connection ter-
minal DT for drain are coupled and supported to the inner
frame part 14 by the coupling part 16 with being separated
from each other.

The respective metal electrodes 20a, 2056, 20c of the
connection terminal GT for gate, the connection terminal ST
for source and the connection terminal DT for drain of the
lead frame 1a are formed by etching a metal plate from both
surfaces so as to penetrate and pattern the metal plate. The
metal electrode 206 of the connection terminal ST for source
1s configured so that a width of a lower part 1s smaller than
a width of an upper part, and a step portion L 1s formed at
an outer periphery of the lower part.

Likewise, a step portion L 1s formed at an outer periphery
of a lower part of the metal electrode 20a of the connection
terminal G'T for gate. Also, a step portion L 1s formed at an
outer periphery of a lower part of the metal electrode 20¢ of
the connection terminal DT for drain.

Each step portion L functions as an anchor that is to
prevent the connection terminal GT for gate, the connection
terminal ST for source and the connection terminal DT for
drain from falling off from a seal resin when sealing the lead
frame 1a with the seal resin.

The coupling part 16 1s formed of an upper part of the
metal plate, which 1s leit as a result of the half etching of the
metal plate from a lower surface-side.

The respective metal oxide layers 22 formed on the
connection terminal GT for gate, the connection terminal ST
for source, and the connection terminal DT for drain are
formed as a result of anodization of the outer surfaces of the
metal electrodes 20a, 205, 20c. For example, each of the
metal electrodes 20a, 200, 20¢ 1s a copper electrode, and
cach of the metal oxide layers 22 1s a copper oxide layer

(Cu,O layer).
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The metal oxide layer 22 1s an oxide layer having acicular
crystals. Also, the metal oxide layer 22 has a surface
roughness rougher than the surface of the metal plated layer.

Since the metal oxide layer 22 1s formed on the entire
outer surfaces of the metal electrodes 20a, 2056, 20c except
the pad parts GP, SP, DP, 1t 1s possible to improve adhesive-
ness between a seal resin (which will be described later) and
the lead frame.

The connection terminal GT for gate, the connection
terminal ST for source and the connection terminal DT for
drain of the lead frame 1a are examples of the first connec-
tion terminal of the first lead frame. Also, the metal elec-
trodes 20qa, 205, 20¢ of the lead frame 1a are examples of the
first metal electrode of the first lead frame.

The inventor performed a test so as to check eflects of the
lead frame 1a of the exemplary embodiment. FIGS. 5A to
5C depict an aspect of connecting a power semiconductor

chip to a pad part of a lead frame via a solder.

FIG. 5A to 5C, FIG. 6A, 6B (Comparative Example 1)
and FIG. 7A to 7C (Comparative Example 2) depict test
results using test samples. The test was performed using a
rectangular copper plate replica of the pad part of the lead
frame.

As shown 1 FIG. 5A, a copper electrode 11 formed of a
copper plate, as a test sample, was formed thereon with a pad
part P formed of a silver plated layer, and the copper
clectrode 11 1n a surrounding region of the pad part P was
anodized to form a copper oxide layer 22 (Cu,O layer).
Then, a solder paste 24a containing a flux was applied onto
the pad part P. Also, a power semiconductor chip 5 was
prepared.

Then, as shown in FIG. 5B, a terminal part (not shown)
of the power semiconductor chip 5 was arranged on the
solder paste 24a and was pressed, which was then reflow-
heated. Thereby, the terminal part of the power semicon-

ductor chip 5 was connected to the pad part P via a solder
24.

At this time, as shown 1n FIGS. 5B and 5C, the outflow
of the solder 24 stopped at an interface between the pad part
P and the copper oxide layer 22, so that the solder 24 did not
flow out onto the copper oxide layer 22 around the pad part
P. FIG. 5C 1s a plan view of FIG. 5B.

The flux contained 1n the solder paste 24a has a function
of reducing and removing a natural oxide film on a surface
of the metal layer so as to secure the wettability of the solder.
For this reason, 1n FIGS. 5B and 5C, when the flux flows out
to the surrounding of the pad part P, the copper oxide layer
22 around the pad part P 1s reduced, so that an active force
of the flux 1s decreased.

As a result, the wettability of the solder cannot be secured
and the outtlow of the solder does not occur around the pad
part P.

In the exemplary embodiment, since the copper oxide
layer 22 having a predetermined thickness 1s formed around
the pad part P, the above eflect 1s exhibited. The thickness of
the copper oxide layer 22 1s set to 0.1 um to 0.2 um, for
example. For this reason, even though the copper oxide layer
22 1s reduced by the flux, the copper oxide layer 22 1s left
without being completely removed.

In this way, even though the large-volume solder 24 1s
formed on the large-area pad part P, the solder 24 does not
flow to the surrounding of the pad part P. For this reason, 1t
1s possible to reliably connect the power semiconductor chip
5 to the lead frame via the solder 24 having the suflicient
thickness, without causing the tilting and positional mis-

alignment.
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Also, as described later, when establishing an electronic
component device by using the lead frame 1a, an electric
short, which 1s caused due to the outflow of the solder
between the connection terminals 1n the product region R
and between the adjacent product regions R, 1s prevented.

As Comparative Example 1, as shown 1 FIGS. 6 A and
6B, as described above in the preliminary matters, a similar
test was performed without the copper oxide layer 22 of

FIGS. SA to 3C.

According to a result of the test, since the surface of the
copper electrode 11 1s exposed around the pad part P, the
active force of the flux 1s not decreased around the pad part
P and the wettability of the solder can be thus secured around
the pad part P, too. Accordingly, the solder 24 flows out to
the surrounding of the pad part P.

Actually, the natural oxide film 1s formed on the surface
of the copper electrode 11 and the flux reduces and removes
the natural oxide film around the pad part P. At this time,
however, since the natural oxide film on the copper electrode
11 1s extremely thin, the decrease 1n the active force of the
flux 1s small.

Also, 1n FIG. 5A, when the surface of the copper electrode
11 1s anodized to form the copper oxide layer 22, the copper
oxide layer 22 has a roughened surface. For this reason, as
Comparative Example 2, a test was performed so as to check
whether the outtlow of the solder 1s to stop when the surface
of the copper electrode 11 around the pad part P 1s formed
thereon with a copper plated layer, instead of the copper
oxide layer 22, so as to roughen the surface.

In Comparative Example 2, as shown i FIG. 7A, a
similar test was performed by forming a copper plated layer
23 with an electrolytic plating, instead of the copper oxide
layer 22 1 FIG. SA. By adjusting conditions of the electro-
lytic plating, the copper plated layer 23 was formed to have
a roughened surface.

According to a result of the test, even though the copper
plated layer 23 having the roughened surface was formed
around the pad part P, the activation of the flux was not
decreased and the solder 24 flowed to the surrounding of the
pad part P 1n a large amount. The reason 1s thought that the
surface was roughened to accelerate the outflow of the
solder 24.

Like this, it could be seen that the phenomenon that the
copper oxide layer 22 1s formed around the pad part P and
the outflow of the solder 1s thus stopped 1s a result of the
decrease 1n the activation of the flux due to the copper oxide
layer 22, not the roughness of the surface.

Also, in Comparative Example 1 of FIGS. 6 A and 6B and
Comparative Example 2 of FIGS. 7A to 7C, the outflow of
the solder 24 and the tilting and positional misalignment
such as rotation of the power semiconductor chip 5 relative
to the pad part P are caused. For this reason, the connection
reliability of the power semiconductor chip 5 1s lowered.

In contrast, in the exemplary embodiment of FIGS. SA to
5C, the outflow of the solder 24 and the tilting and positional
misalignment of the power semiconductor chip § are pre-
vented, so that 1t 1s possible to improve the connection
reliability.

The copper electrode 11 1s an example of the metal
clectrode, and the solder 24 1s an example of the metal
joming material. Therefore, it 1s possible to achieve the
similar effects by forming a metal oxide layer 1n a surround-
ing region of a pad part on a variety ol metal electrodes
functioning as the connection terminal. Also, 1t 1s possible to
achieve the similar effects by using a silver paste and the
like, as the metal joining material.
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Subsequently, the other lead frame 15 (the second lead
frame) ol the exemplary embodiment i1s described with
reference to FIGS. 8 to 9B. FIG. 8 1s a plan view depicting
an entire form of the other lead frame 15 of the exemplary
embodiment, as seen from above.

As shown 1n FIG. 8, like the lead frame 1a of FIGS. 3, 4A
and 4B, the lead frame 15 has an outer frame part 12 having
a rectangular outer shape, and a plurality of product regions
R 1s demarcated at an inner side of the outer frame part 12.

FIG. 9A 1s a partially enlarged plan view of one product
region R of the lead frame 15 shown in FIG. 8. FIG. 9B 1s
a sectional view taken along a line II-II of the plan view of
FIG. 9A.

As shown 1n FIG. 9A, the lead frame 15 has an inner
frame part 14 coupled to the outer frame part 12 of the lead
frame 156 shown 1 FIG. 8. A quadrangular region demar-
cated by the mnner frame part 14 1s one product region R.

The lead frame 15 has a relay connection terminal 30T for
drain 1ntegrally arranged 1n a plate shape 1n a main part of
cach product region R. The relay connection terminal 30T
for drain 1s an example of the second connection terminal of
the second lead frame.

The relay connection terminal 30T for drain has a metal
electrode 30a, and four corners of the metal electrode 30a
are coupled to the mner frame part 14 by coupling parts 16.

Referring to the sectional view of FIG. 9B, the metal
clectrode 30a 1s formed at one end-side 1n the horizontal
direction with a connection part 305 coupled to a bent part
B bent upward. The connection part 305 1s arranged at a
position higher than the metal electrode 30a by the bent part
B. An upper surface and a lower surface of the connection
part 306 are horizontally arranged.

In this way, the relay connection terminal 30T for drain 1s
provided with an accommodation part S 1 which an elec-
tronic component 1s to be accommodated. The metal elec-
trode 30a of the relay connection terminal 30T for drain of
the lead frame 15 1s an example of the second metal
clectrode of the second lead frame.

Also, a pad part DPx configured by a metal plated layer
1s Tormed on the metal electrode 30a of the relay connection
terminal 30T for drain. Also, a pad part CP 1s formed on the
connection part 305 of the metal electrode 30a. The pad part
CP 1s configured by a metal plated layer which 1s the same
as that of the pad part DPx.

Also, like the lead frame 1a of FIGS. 4A and 4B, a metal
oxide layer 22 1s formed on an upper surface, side surfaces
and a lower surface of the metal electrode 30a in each
surrounding region of the pad part DPx and the pad part CP.

The metal oxide layer 22 1s formed to coat an entire outer
surface of the metal electrode 30a except the pad part DPx
and the pad part CP. Also, the metal oxide layer 22 1s formed
on outer surfaces of the coupling parts 16, the inner frame
part 14 and the outer frame part 12. The metal oxide layer
22 has acicular crystals. A surface roughness of the metal
oxide layer 22 1s larger than a surface roughness of the metal
plated layer.

As described later, when establishing an electronic com-
ponent device, a drain terminal part of the power semicon-
ductor chip i1s connected to the pad part DPx of the relay
connection terminal 30T for drain of the lead frame 15 via
a solder.

At this time, like the lead frame 1a, since the metal oxide
layer 22 1s formed around the pad part DPx, the outtlow of
the solder 1s suppressed at the outer periphery of the pad part
DPx upon the reflow.

Thereby, the positional misalignment and tilting of the
power semiconductor chip after the reflow are suppressed.
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Also, an electric short due to the solder flowing outward
beyond the power semiconductor chip 1s prevented. Also, 1t
1s possible to secure a wide connection area between the
power semiconductor chip and the pad part DPx via the
solder, so that it 1s possible to achieve the stable electric
connection.

As described later, the connection part 305 of the relay
connection terminal 30T for drain of the lead frame 15 1s
connected to the connection terminal DT for drain of the
lead frame 1a. Then, the power semiconductor chip is
accommodated 1n the accommodation part S of the relay
connection terminal 30T for drain.

In this way, the relay connection terminal 30T for drain of
the lead frame 15 sandwiches and packages the power
semiconductor chip between the lead frame 15 and the lead
frame 1a.

Subsequently, manufacturing methods of one lead frame
1a and the other lead frame 15 are described.

First, the manufacturing method of one lead frame 1a 1s
described. As shown 1n FIG. 10A, a metal plate 20 1s first
prepared. As the metal plate 20, a copper plate 1s preferably
used. The copper plate 1s formed of pure copper or copper
alloy, and has a thickness of 0.1 mm to 0.25 mm.

Then, as shown 1n FIG. 10B, resist layers (not shown) are
respectively patterned on both surfaces of the metal plate 20,
and the metal plate 20 1s wet-etched from both the surfaces.

An etched surface from an upper surface of the metal plate
20 and an etched surface from a lower surface communicate
with each other, so that the metal plate 20 1s penetrated and
patterned. Thereby, the outer frame part 12 1s formed, and
the plurality of product regions R 1s demarcated at the inner
side of the outer frame part 12.

FIGS. 11A and 11B partially depict one product region R
of FIG. 10B. As shown in FIGS. 11A and 11B, the respective
metal electrodes 20a, 2056, 20¢ of the connection terminal
GT for gate, the connection terminal ST for source, and the
connection terminal DT for drain, which are shown in FIGS.
4A and 4B, are formed with being coupled to the inner frame
part 14 by the coupling parts 16.

A size of the resist layer formed on the lower surface of
the metal plate 20 1s made smaller than a size of the resist
layer formed on the upper surface, so that the step portion L
1s formed at the outer periphery of the lower part of each of
the metal electrodes 20a, 2054, 20c.

Then, a plated resist layer (not shown) having openings

arranged 1n regions, which become the respective the pad
parts GP, SP, DP of the metal electrodes 20a, 205, 20¢ shown

in FIGS. 11A and 11B, 1s formed on the metal plate 20. The
lower surface-side of the metal plate 20 1s protected by a
protection layer (not shown).

Then, a silver plated layer 1s formed 1n the openings of the
plated resist layer by an electrolytic plating 1n which the
metal plate 20 1s used as a power feeding path for plating,
and the resist layer 1s then removed.

Thereby, as shown 1n FIGS. 12A and 12B, the pad part GP
configured by a silver plated layer 1s formed on the metal
clectrode 20a becoming the connection terminal GT for
gate. At the same time, the pad part SP configured by the
silver plated layer 1s formed at a central portion on the metal
clectrode 206 becoming the connection terminal ST for
source.

Also, at the same time, the pad part DP configured by the
silver plated layer 1s formed at a central portion on the metal
clectrode 20c¢ becoming the connection terminal DT for
drain.

A thickness of each of the pad parts GP, SP, DP configured

by the silver plated layer 1s 5 um, for example. The silver
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plated layer 1s an example of the noble metal plated layer,
and a gold plated layer, a palladium plated layer or the like
may also be formed.

Subsequently, as shown 1n FIGS. 13A and 13B, an outer
surface of the metal plate 20 of the structure shown 1n FIGS.
12A and 12B 1s anodized to form the metal oxide layer 22
on the upper surfaces, side surfaces and lower surfaces of the
metal electrodes 20a, 205, 20¢ 1n the surrounding regions of
the respective pad parts GP, SP, DP.

The anodization 1s performed by immersing the structure
of FIGS. 12A and 12B 1n an anodizing solution and causing
the current to flow by using the metal plate 20 as an anode.

In the case that the metal plate 20 1s a copper plate, the
anodization 1s performed on the basis of following treatment
conditions.

anodizing solution:

sodium chlorite (NaClO,) 0 to 100 g/L

sodium hydroxide (NaOH) 5 to 60 g/LL

trisodium phosphate (Na PO, ) 0 to 200 g/L

treatment conditions:

bath temperature 50° C. to 80° C.

treatment time 1 second to 20 seconds

current density 0.2 A/dm?

In this way, the metal oxide layer 22 1s respectively
formed on the upper surfaces, side surfaces and lower
surfaces of the metal electrodes 20a, 205, 20¢ in the sur-
rounding regions of the respective pad parts GP, SP, DP.
Since the pad parts GP, SP, DP are formed of the noble metal
plated layer, the pad parts are not anodized. In this way, the
metal oxide layer 22 1s respectively formed 1n a self-aligned
manner 1n the surrounding regions of the pad parts GP, SP,
DP.

A thickness of the metal oxide layer 22 1s 0.1 um to 0.2
um. Also, the metal oxide layer 22 1s formed to have a
roughened surface.

Subsequently, the manufacturing method of the other lead
frame 15 1s described. As shown 1n FIG. 14A, a metal plate
30 1s first prepared. The metal plate 30 1s formed of copper
or copper alloy, and has a thickness of 0.1 mm to 0.25 mm.
Then, like the manufacturing method of the lead frame 1a,
resist layers (not shown) are respectively patterned on both
surfaces ol the metal plate 30, and the metal plate 30 1s
wet-etched and penetrated from both the surfaces.

Thereby, as shown 1 FIG. 14B, the outer frame part 12
1s formed and the plurality of product regions R 1s demar-
cated at the inner side of the outer frame part 12.

FIGS. 15A and 15B partially depict one product region R
of FIG. 14B.

As shown 1n FIGS. 15A and 15B, the metal electrode 30a
for obtaining the relay connection terminal 30T for drain
shown 1n FIGS. 9A and 9B i1s formed with being coupled to
the 1nner frame part 14 by the coupling parts 16.

Then, as shown 1 FIGS. 16 A and 16B, a silver plated
layer 1s formed to obtain the pad parts DPx, CP by a method
similar to the formation method of the pad parts GP, SP, DP
of the lead frame 1a shown in FIGS. 12A and 12B. The pad
part DPx 1s arranged at a central portion of the metal
clectrode 30q, and the pad part CP 1s arranged 1n a region
becoming a connection part of the metal electrode 30a.

Subsequently, as shown 1n FIGS. 17A and 17B, the metal
oxide layer 22 1s formed on the outer surface of the metal
clectrode 30a except the pad parts DPx, CP by a method
similar to the formation method of the metal oxide layer 22

of the lead frame 1a shown 1n FIGS. 13A and 13B.

Then, as shown 1 FIGS. 18A and 18B, one end portion
of the metal electrode 30a having a flat plate shape 1s bent
by press working, so that the connection part 305 coupled to
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the bent part B bent upward 1s formed. Thereby, the metal
clectrode 30a having the connection part 306 shown 1n
FIGS. 9A and 9B 1s obtained.

In this way, the other lead frame 15 shown 1n FIGS. 9A
and 9B 1s obtained.

The process of obtaining one lead frame 1la includes
obtaining the other lead frame 15, and one lead frame 1a and
the other lead frame 15 may be manufactured 1n parallel.

Subsequently, a method of manufacturing an electronic
component device by using one lead frame 1a and the other
lead frame 15 1s described. In an example of the manufac-
turing method of the electronic component device, the other
lead frame 15 1s adopted as the first lead frame, and one lead
frame 1a 1s adopted as the second lead frame.

As shown 1in FIGS. 19A and 19B, the other lead frame 15
shown 1 FIGS. 9A and 9B 1s first prepared as the first lead
frame, and the solder paste 24qa 1s applied onto the pad part
DPx of the relay connection terminal 30T for drain.

The solder paste 24a 1s formed by a dispenser, a screen
printing or the like. In the solder paste 24a, the solder
contains the flux.

As the solder paste 24a, a high melting point solder 1s
used. For example, a solder o1 95 wt % lead (Pb)/5% tin (Sn)
1s used. Also, a variety of solders such as Pb-free solder,
fluxless solder and the like can be used.

The solder paste 24a 1s an example of the metal joining
matenal, and a silver paste or the like can also be used.

Also, as shown 1 FIGS. 20A and 20B, the power semi-
conductor chip 5 having a power MOSFET 1s prepared. FIG.
20B 15 a sectional view taken along a line III-111 of FIG. 20A.
Also, FIG. 20C 1s a plan view of FIG. 20A, as seen from a
backside.

The power semiconductor chip 5 has a gate terminal part
5a connected to a gate electrode and a source terminal part
56 connected to a source electrode on one surface, and has
a drain terminal part 3¢ connected to a drain electrode on the
other surface. As shown 1n FIG. 20C, the drain terminal part
5¢ 1s arranged on the other entire surface of the power
semiconductor chip 5.

The power semiconductor chip 1s an example of the
clectronic component, and a varnety of electronic compo-
nents that can be connected to the pad part of the lead frame
via the solder can be used.

As shown 1n FIG. 21, the drain terminal part 5S¢ of the
power semiconductor chip 5 of FIG. 20 1s arranged with
being positionally aligned with the solder paste 24a on the

pad part DPx of the relay connection terminal 30T for drain
shown 1n FIG. 19B.

Thereby, as shown 1 FIGS. 22A and 22B, the drain
terminal part 53¢ of the power semiconductor chip 3 1s
temporarily bonded to the solder paste 24a on the pad part
DPx of the relay connection terminal 30T for drain. In this
stage, the solder paste 24a 1s 1n a non-cured state 1n which
the solder paste 24a 1s not subjected to the retlow heating.
Then, as shown 1n FIGS. 23A and 23B, the lead {frame 1a
of FIGS. 4A and 4B 1s prepared as the second lead frame,
and the solder paste 24a 1s applied onto the respective pad
parts GP, SP, DP.

At this time, since the size of the pad part GP of the
connection terminal GT for gate 1s small, the solder paste
24a 1s preferably applied by the screen printing.

Also, as shown 1n FIG. 24, the lead frame 1a of FIG. 23B
1s inverted upside down. Then, the surface of the lead frame
1a of FIG. 23B, on which the solder paste 24qa 1s formed, 1s
arranged with facing the power semiconductor chip 5 of the

structure of FIG. 22B.




US 10,818,580 B2

13

At this time, the pad part GP of the connection terminal
GT for gate of the lead frame 1a 1s arranged with being
positionally aligned with the gate terminal part Sa of the
power semiconductor chip 5. At the same time, the pad part
SP of the connection terminal ST for source of the lead
frame 1a 1s arranged with being positionally aligned with the
source terminal part 56 of the power semiconductor chip 5.

Also, at the same time, the pad part DP of the connection
terminal DT for drain of the lead frame 1a 1s arranged with
being positionally aligned with the pad part CP of the
connection part 305 of the relay connection terminal 30T for
drain of the lead frame 15.

In this way, as shown 1n FIG. 25, the power semiconduc-
tor chip 3 1s sandwiched and pressed between the lead frame
1a and the lead frame 156 and i1s reflow-heated. Thereafter,
flux cleaning 1s performed.

Thereby, the pad part GP of the connection terminal GT
for gate of the lead frame 14a 1s connected to the gate terminal
part Sa of the power semiconductor chip 5 via the solder 24.
At the same time, the pad part SP of the connection terminal
ST for source of the lead frame 1a 1s connected to the source
terminal part 56 of the power semiconductor chip 5 via the
solder 24.

Also, at the same time, the pad part DP of the connection
terminal DT for drain of the lead frame 1a 1s connected to
the pad part CP of the connection part 3056 of the relay
connection terminal 30T for drain of the lead frame 15 via
the solder 24.

Also, at the same time, the pad part DPx of the relay
connection terminal 30T for drain of the lead frame 15 is
connected to the drain terminal part 5¢ of the power semi-
conductor chip 5 via the solder 24.

As described above, the metal oxide layer 22 1s formed 1n
the surrounding regions of the respective pad parts GP, SP,
DP of the lead frame 1a.

For this reason, by the above-described principle, the
outtlow of the solder 24 1s suppressed at the outer periphery
of each of the pad parts GP, SP, DP of the lead frame 14, so
that the outflow of the solder 24 to the surrounding regions
1s suppressed. In this way, the solder 24 does not flow out
onto the metal oxide layer 22, and the metal oxide layer 22
1s 1n a state 1n which 1t 1s exposed from the solder 24.

Thereby, the electric short due to the solder 24 is pre-
vented between the connection terminal GT for gate and the
connection terminal ST for source in each product region R
of the lead frame 1a. Also, the electric short 1s prevented
between the connection terminal ST for source and the
connection terminal DT for drain 1n each product region R
of the lead frame 1a.

Also, there 1s no concern that the electric short 1s to occur
due to the outtlow of the solder 24 between the adjacent
product regions R of the lead frame 1a. Accordingly, it 1s
possible to implement a high-density layout of the plurality
of product regions R of the lead frame 1a, and to improve
a degree of design freedom.

Also, 1n each product region R of the lead frame 1a, the
non-uniformity in the thickness of the solder 24 and the
inclination of the power semiconductor chip 5 1s improved.
For this reason, the characteristic variation of the electric
connection of the plurality of power semiconductor chips 3
in the lead frame 1a 1s decreased, and the reliability of a
temperature cycle test can be improved.

Also, since the outflow of the solder 24 1s suppressed, the
tilting and positional misalignment of the power semicon-
ductor chip 5 are prevented. Thereby, the electric short or
open 1n the electronic component device 1s prevented.
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For example, a size of the gate terminal part 5a of the
power semiconductor chip 5 1s about 200 umx200 pm to 300
umx300 um. Also, the pad part GP of the connection
terminal GT for gate of the lead frame la, which corre-
sponds to the gate terminal part 5a, 1s small.

Accordingly, when the slight tilting or positional mis-
alignment such as rotation of the power semiconductor chip
5 1s caused due to the outflow of the solder 24, the electric
open occurs between the gate terminal part 5aq of the power
semiconductor chip 5 and the pad part GP of the connection
terminal GT for gate of the lead frame 1a.

Also, the connection terminal GT for gate, the connection
terminal ST for source and the connection terminal DT for
drain of the lead frame 1a are arranged closely to each other.
Therefore, the electric short occurs among the connection
terminals G'T, ST, DT, 1n association with the slight outflow
of the solder 24.

In the exemplary embodiment, since the outflow of the
solder 24 1s suppressed, the above problems can be solved.

Also, since the metal oxide layer 22 1s formed in the
surrounding region of the pad part DPx of the relay con-
nection terminal 30T for drain of the lead frame 154, the
outflow of the solder 24 1s suppressed at the outer periphery
of the pad part DPx, so that the outflow of the solder 24 to
the surrounding region 1s suppressed.

Thereby, during the manufacturing process, the short of
the power semiconductor chips S between the adjacent
product regions R which 1s caused due to the solder 24, 1s
prevented.

The process of connecting the power semiconductor chip
5 to the pad part DPx of the relay connection terminal 30T
for drain of the lead frame 15 includes connecting the
respective pad parts GP, SP, DP of the lead frame 1a to the
power semiconductor chip 5.

Contrary to the above manufacturing method, one lead
frame 1a may be adopted as the first lead frame, and the
other lead frame 15 may be adopted as the second lead
frame.

In this case, after the power semiconductor chip 3 1s
arranged on the connection terminals GT, ST, DT of one lead
frame 1a, the relay connection terminal 30T for drain of the
other lead frame 15 1s arranged on the power semiconductor
chip 5. In this aspect, the structure of FIG. 25 1s inverted
upside down, so that a similar connection structure 1s
obtained.

Also, 1n the example of the above manufacturing method,
the retlow heating 1s performed with the power semicon-
ductor chip 5 being sandwiched between one lead frame 1a
and the other lead frame 15, so that the solder connections
at the upper and lower sides are performed at the same time.

In addition to the above manufacturing method, after
connecting the power semiconductor chip 5 to one lead
frame 1a via the solder 24 by the retlow heating, the other
lead frame 15 may be connected onto the power semicon-
ductor chip 5 via the solder 24.

Also, on the contrary, after connecting the power semi-
conductor chip 5 to the other lead frame 15 via the solder 24
by the retlow heating, one lead frame 1a may be connected
onto the power semiconductor chip 5 via the solder 24 by the
reflow heating.

Continuously, as shown 1 FIG. 26, a seal resin (encap-
sulation resin) 40 1s filled 1n a gap between the lead frame
1a and the lead frame 15. The seal resin 40 1s formed by a
transier mold method.

The structure of FIG. 25 1s sandwiched between a lower
mold and an upper mold of a metallic mold, and resin 1s
injected from an injection port arranged in a horizontal
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direction, so that the seal resin 40 1s formed. As a preferable
example of the seal resin 40, epoxy resin 1s used.

The seal resin 40 1s formed between the lead frame 1a and
the power semiconductor chip 5 and between the lead frame
15 and the power semiconductor chip 3 so as to embed the
entire power semiconductor chip 5.

Also, the seal resin 40 1s formed to embed a region
between the connection terminal GT for gate and the con-
nection terminal ST for source of the lead frame 1a, a region
between the connection terminal ST for source and the
connection terminal DT for drain, and a half etched part of
the coupling part 16 on the backside.

Also, the seal resin 40 1s formed to embed a region
between the relay connection terminals 30T for drain of the
lead frame 16 and a space of the outer surface-side of the
connection part 30b.

Also, the respective outer surfaces (outer connection
surfaces) of the connection terminal GT for gate, the con-
nection terminal ST for source and the connection terminal
DT for drain of the lead frame 1a are exposed from the seal
resin 40. Also, the outer surface of the relay connection
terminal 30T for drain of the lead frame 15 1s exposed from
the seal resin 40.

In this way, the lead frames 1a, 15 are exposed from the
seal resin 40, so that the radiation performance of heat to be
generated from the power semiconductor chip 5 can be
improved.

Subsequently, as shown 1n FIG. 27, the metal oxide layers
22 of the connection terminal GT for gate, the connection
terminal ST for source, the connection terminal DT for
drain, and the relay connection terminal 30T for drain
exposed from the seal resin 40 are removed by pre-treatment
of plating. As the pre-treatment of the plating, acidic or
alkal1 treatment 1s performed.

Continuously, the plating 1s performed by the electrolytic
plating, so that the surfaces of the connection terminal GT
for gate, the connection terminal ST for source, the connec-
tion terminal DT for drain, and the relay connection terminal
30T for drain exposed from the seal resin 40 are formed with
plating layers 50.

As the plating, tin (Sn) 100% plating, tin (Sn)/bismuth
(B1) plating or tin (Sn)/silver (Ag) plating 1s performed.

Thereafter, each product region R 1s cut from the lead
frame 1a to the lead frame 154, so that the coupling parts 16,
the mner frame part 14 and the outer frame part 12 are
separated.

By the above processes, as shown 1 FIG. 28, an elec-
tronic component device 2 of the exemplary embodiment 1s
manufactured. FIG. 28 depicts a state where the structure of
FIG. 27 1s cut into idividual pieces and 1s then inverted
upside down.

FIG. 29A 1s a plan view of the electronic component
device 2 of FIG. 28, as seen from above, and FIG. 29B i1s a
plan view of the electronic component device 2 of FIG. 28,
as seen from below.

As shown 1n FIG. 28, the electronic component device 2
of the exemplary embodiment has the lead frame 1a having
the connection terminal GT for gate, the connection terminal
ST for source and the connection terminal DT for drain
shown 1n FIGS. 4A and 4B, at the lowest part.

The lead frame 1a 1s an example of the first lead frame.
Also, the connection terminal GT for gate, the connection
terminal ST for source and the connection terminal DT for
drain are examples of the first connection terminal.

The connection terminal GT for gate 1s configured by the
metal electrode 20a, the pad part GP formed on the metal
clectrode 20a, and the metal oxide layer 22 formed on the
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upper surface and side surfaces of the metal electrode 20qa 1n
the surrounding region of the pad part GP. The pad part GP
1s formed of the metal plated layer. Also, the lower surface
ol the metal electrode 20a 1s formed with the plating layer
50.

Also, the connection terminal ST for source 1s configured
by the metal electrode 205, the pad part SP formed on the
metal electrode 205, and the metal oxide layer 22 formed on
the upper surface and side surfaces of the metal electrode
206 1n the surrounding region of the pad part SP. The pad
part SP 1s formed of the metal plated layer. Also, the lower
surface of the metal electrode 206 1s formed with the plating
layer 50.

[ikewise, the connection terminal DT for drain 1s con-
figured by the metal electrode 20c¢, the pad part DP formed
on the metal electrode 20c, and the metal oxide layer 22
formed on the upper surface and side surfaces of the metal
clectrode 20c¢ 1n the surrounding region of the pad part DP.
The pad part DP 1s formed of the metal plated layer. Also,
the lower surface of the metal electrode 20c¢ 1s formed w1th
the plating layer 50.

Then power semiconductor chip 35 i1s mounted on the
connection terminal GT for gate and the connection terminal
ST for source. The gate terminal part 5a provided on the
lower surface-side of the power semiconductor chip 3 1is
connected to the pad part GP of the connection terminal GT
for gate via the solder 24.

Also, the source terminal part 35 provided on the lower
surface-side of the power semiconductor chip 5 1s connected
to the pad part SP of the connection terminal ST for source
via the solder 24.

The gate terminal part 5a and the source terminal part 55
provided on the lower surface-side of the power semicon-
ductor chip 5 are examples of the first terminal part provided
on the lower surface-side of the electronic component.

The metal oxide layer 22 is respectively formed on the
upper surfaces ol the metal electrodes 20a, 205, 20¢ 1n the
surrounding regions of the respective pad parts GP, SP, DP
of the connection terminal GT for gate, the connection
terminal ST for source and the connection terminal DT for
drain. For this reason, by the above-described principle, the
ellect of decreasing the activation of the flux by the metal
oxide layer 22 1s achieved.

Accordingly, the solder 24 formed on the respective pad
parts GP, SP, DP remains in the respective pad parts GP, SP,
DP when the solder 1s melted by the reflow heating, so that
the outflow of the solder 24 onto the metal oxide layer 22 1n
the surrounding regions of the respective pad parts 1s sup-
pressed. In this way, the metal oxide layer 22 1s exposed
from the solder 24.

Thereby, the electric short due to the outtlow of the solder
24 15 prevented between the connection terminal GT for gate
and the connection terminal ST for source and between the
connection terminal ST for source and the connection ter-
minal DT for drain.

As shown 1n FIG. 28, the lead frame 15 having the relay
connection terminal 30T for drain 1s arranged on the power
semiconductor chip 5. The lead frame 15 1s an example of
the second lead frame. Also, the relay connection terminal
30T for drain 1s an example of the second connection
terminal.

The relay connection terminal 30T for drain has the metal
clectrode 30a arranged on the power semiconductor chip 5.
The metal electrode 30a has the connection part 305 that 1s
coupled to the bent part B bent downward from one end. The
lower surface of the connection part 306 1s formed thereon
with the pad part CP formed of the metal plated layer.
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A height position of the connection part 306 of the relay
connection terminal 30T for drain 1s lower than a height
position of the metal electrode 30a, and the pad part CP on
the lower surface of the connection part 3056 1s connected to
the pad part DP of the connection terminal DT for drain via
the solder 24. The power semiconductor chip 3 1s accom-
modated 1n the accommodation part S, which 1s provided at
the lower side of the metal electrode 30a by the bent part B
coupled to the connection part 30b.

Also, the lower surface of the relay connection terminal
30T for drain 1s formed at the central portion with the pad
part DPx formed of the metal plated layer. The metal oxide
layer 22 1s formed on the lower surface and side surfaces of
the metal electrode 30aq i each surrounding region of the
pad part DPx and the pad part CP. Also, the upper surface of
the metal electrode 30a 1s formed with the plating layer 50.

Also, the pad part DPx of the relay connection terminal
30T for drain 1s connected to the drain terminal part 5c¢
provided on the upper surface-side of the power semicon-
ductor chip 5 via the solder 24. The drain terminal part 5¢
provided on the upper surface-side of the power semicon-
ductor chip 5 1s an example of the second terminal part
provided on the upper surface-side of the electronic com-
ponent.

Also 1n the relay connection terminal 30T for drain, the
metal oxide layer 22 1s formed 1n each surrounding region of
the pad part DPx and the pad part CP. For this reason, the
solder 24 1s arranged with remaining 1n the pad part DPX, so
that the outtlow of the solder 24 to the surrounding region of
the pad part DPx 1s suppressed.

Also, the solder 24 1s arranged with remaining in the pad
part CP, so that the outtlow of the solder 24 to the surround-
ing region of the pad part CP 1s suppressed.

Thereby, it 1s possible to improve the reliability of the
clectrical connection between the power semiconductor chip
5 and the relay connection terminal 30T for drain.

In this way, the gate terminal part 5a provided on the
lower surface-side of the power semiconductor chip 3 is
connected to the connection terminal GT for gate. Also, the
source terminal part 56 provided on the lower surface-side
of the power semiconductor chip 5 1s connected to the
connection terminal ST for source. Also, the drain terminal
part Sc¢ provided on the upper surface-side of the power
semiconductor chip 5 1s connected to the connection termi-
nal DT for drain via the relay connection terminal 30T for
drain.

Also, the seal resin 40 for sealing the power semiconduc-
tor chip 5 1s filled between the first lead frame 1a and the
second lead frame 1b. The seal resin 40 1s filled 1n each step
portion L. of the connection terminal GT for gate, the
connection terminal ST for source and the connection ter-
minal DT for drain.

Thereby, the connection terminal GT for gate, the con-
nection terminal ST for source and the connection terminal
DT for drain are prevented from falling off from the seal
resin 40 by the anchor effect of the step portions L.

As shown 1n FIG. 29B depicting the electronic component
device 2 of FIG. 28, as seen from below, the connection
terminal ST for source 1s arranged at the central main part of
the lower surface of the electronic component device 2, and
the connection terminal ST for source i1s provided with an
opening 20x having a notch shape at a side of one end-side.

The rectangular connection terminal GT for gate 1s
arranged 1n the opening 20x of the connection terminal ST
for source. Also, the rectangular connection terminal DT for
drain 1s arranged at the other end-side of the electronic
component device 2.
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The plating layer 50 formed on the lower surfaces of the
connection terminal GT for gate, the connection terminal ST
for source and the connection terminal DT for drain 1is
exposed from the seal resin 40.

Also, as shown i FIG. 29A depicting the electronic
component device 2 of FIG. 28, as seen from above, the
rectangular relay connection terminal 30T for drain 1s
arranged on the main part of the upper surface of the
clectronic component device 2. The plating layer 50 formed
on the upper surface of the relay connection terminal 30T for
drain 1s exposed from the seal resin 40.

The connection terminal GT for gate, the connection
terminal ST for source and the connection terminal DT for
drain of the electronic component device 2 are connected to
connection parts ol a mount substrate such as a motherboard
via solders. At this time, the electronic component device 2
1s connected to the mount substrate via a lead-free solder
(about 250° C.) having a reflow temperature lower than the
solder 24 (Pb/Sn solder) so that the solder 24 1n the elec-
tronic component device 2 1s not to be re-melted.

FIG. 30 depicts an electronic component device 2a of a
first modified embodiment of the exemplary embodiment. In
the electronic component device 2a of the first modified
embodiment, when forming the seal resin 40 in FIG. 26, the
outer surface of the relay connection terminal 30T for drain
1s covered with the seal resin 40.

Thereby, as shown 1n FIG. 30, the upper surface of the
relay connection terminal 30T for drain 1s sealed and pro-
tected by the seal resin 40. For this reason, when forming the
plating layer 50 1n FIG. 27, the plating layer 50 1s formed
only on the connection terminal GT for gate, the connection
terminal ST for source and the connection terminal DT for
drain.

The relay connection terminal 30T for drain i1s covered by
the seal resin 40 with the metal oxide layer 22 being left on
the upper surface-side.

In the electronic component device 2a of the first modi-
fied embodiment, since the relay connection terminal 30T
for drain 1s 1msulated from an outside, the unexpected short
and the like are prevented.

FIG. 31 depicts an electronic component device 26 of a
second modified embodiment of the exemplary embodi-
ment. In the electronic component device 25 of the second
modified embodiment, when forming the metal oxide layer
22 on the lead frame 1a 1n FI1G. 13B, the outer surface (the
lower surface, in FIG. 13B) on which the plating layer 50 1s
to be formed 1s covered with a mask so that the metal oxide
layer 22 1s not to be formed thereon.

Also, when forming the metal oxide layer 22 on the lead
frame 15 1n FI1G. 17B, the outer surface (the lower surface,
in FIG. 17B) on which the plating layer 50 1s to be formed
1s covered with a mask so that the metal oxide layer 22 1s not
to be formed thereon.

Thereby, as shown 1n FIG. 31, when forming the seal resin
40 1n FI1G. 26, the lower surfaces of the metal electrodes 20a,
205, 20c¢ of the lead frame 1a are exposed from the seal resin
40 with being flush with the lower surface of the seal resin
40. Also, the upper surface of the metal electrode 30a of the
lead frame 15 1s exposed from the seal resin 40 with being
flush with the upper surface of the seal resin 40.

Thereatter, the plating layer 50 1s formed on the lower
surfaces of the metal electrodes 20a, 205, 20¢ of the lead
frame 1a and the upper surface of the metal electrode 30a of
the lead frame 1b.

In this way, when forming the plating layer 50, 1t 1s not
necessary to remove the metal oxide layer 22 from the
respective outer surfaces of the lead frames 1a, 15, so that
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it 1s possible to simplify the pre-treatment of the plating and
to easily form the plating layer 50.

In the electronic component devices 2, 2a, 26 of FIGS. 28,
30 and 31, the first connection terminal (the connection
terminals G'T, ST, DT for gate, source and drain) 1s con-
nected to the lower surface-side of the electronic component
(the power semiconductor chip 5), and the second connec-
tion terminal (the relay connection terminal 30T for drain) 1s
connected to the upper surface-side.

In addition to the above form, an electronic component
having a terminal part provided only on the lower surface-
side may be connected to the first connection terminal, the
second connection terminal may be omitted, and the upper
surface-side of the electronic component may be sealed by
the seal resin.

Also, an electronic component such as a semiconductor
chip having a plurality of bump-shaped terminal parts
arranged 1n an area array type on a lower surface-side may
be used, and the plurality of terminal parts of the electronic
component may be flip chip-connected to the corresponding
pad part of the lead frame via the solder. Also 1n this case,
the electric short and the like, which 1s caused due to the
outtlow of the solder between the adjacent terminal parts of
the electronic component, are prevented.

This disclosure further encompasses various exemplary
embodiments, for example, described below.

1. A manufacturing method of an electronic component
device, the manufacturing method comprising:

patterming a metal plate to form a first metal electrode;

forming a metal plated layer on an upper surface of the
first metal electrode to obtain a first pad part;

forming a first metal oxide layer on an upper surface of
the first metal electrode 1n a surrounding region of the first
pad part to obtain a first lead frame having a first connection
terminal comprising the first metal electrode, the first pad
part and the first metal oxide layer; and

connecting a first terminal part provided on a lower
surface-side of an electronic component to the first pad part
of the first connection terminal via a metal joining material.

2. The manufacturing method of an electronic component
device according to claim 1, wherein in the connecting the
first terminal part of the electronic component to the first pad
part of the first connection terminal via the metal joining
material, the metal joining matenal 1s arranged 1n the first
pad part and the first metal oxide layer 1s exposed from the
metal joining material.

3. The manufacturing method of an electronic component
device according to claim 1 or 2, wherein the obtaining the
first lead frame comprises:

patterming a metal plate to form a second metal electrode,

forming a metal plated layer on an upper surface of the
second metal electrode to obtain a second pad part, and

forming a second metal oxide layer on an upper surface of
the second metal electrode 1n a surrounding region of the
second pad part to obtain a second lead frame having a
second connection terminal comprising the second metal
clectrode, the second pad part and the second metal oxide
layer,

wherein the electronic component has a second terminal
part on an upper surface-side, and

wherein the connecting the first terminal part of the
clectronic component to the first pad part of the first con-
nection terminal comprises connecting the second pad part
of the second connection terminal to the second terminal
part of the electronic component via the metal joiming
material.
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4. The manufacturing method of an electronic component
device according to claim 3, wherein when connecting the
second pad part of the second connection terminal to the
second terminal part of the electronic component via the
metal jo1ning material, the metal joining material 1s arranged
in the second pad part and the second metal oxide layer 1s
exposed from the metal joining material.

5. The manufacturing method of an electronic component
device according to one of claims 1 to 4, wherein 1n the
forming the first metal electrode, the metal plate 1s a copper
plate and the first metal electrode 1s a copper electrode, and

wherein in the forming the first metal oxide layer, the
copper electrode 1s anodized to form a copper oxide layer.

What 1s claimed 1s:

1. An electronic component device comprising;:

a first lead frame having a {irst connection terminal, the
first connection terminal comprising

a first metal electrode,

a first pad part formed on an upper surface of the first
metal electrode and formed by a first metal plated
layer, and

a first metal oxide layer formed on the upper surface of
the first metal electrode 1n a surrounding region of
the first pad part so as to surround an outer periphery

of the first pad part;

an electronic component having a first terminal part
provided on 1its lower surface, the first terminal part of
the electronic component being connected to the first
pad part of the first connection terminal via a first metal
joining material;

a seal resin sealing the first lead frame and the electronic
component, the seal resin covering the upper surface of
the first metal electrode on which the first metal oxide
layer 1s formed; and

a third metal plating layer formed on a lower surface of
the first metal electrode, the lower surface of the first
metal electrode being opposite to the upper surface of
the first metal electrode,

wherein at least a portion of the lower surface of the first
metal electrode 1s a first exposed surface which 1s
exposed from the seal resin and the first metal oxide
layer, and the third metal plating layer 1s formed on the
first exposed surface.

2. The electronic component device according to claim 1,
wherein the first metal joining material 1s arranged in the
first pad part and the first metal oxide layer 1s exposed from
the first metal joining material.

3. The electronic component device according to claim 1,
turther comprising;:

a second lead frame having a second connection terminal,

the second connection terminal comprising

a second metal electrode,

a second pad part formed on a lower surface of the
second metal electrode and formed by a second
metal plated laver,

a second metal oxide layer formed on the lower surface
ol the second metal electrode 1n a surrounding region
of the second pad part so as to surround an outer
periphery of the second pad part; and

a fourth metal plating layer formed on an upper surface of
the second metal electrode, the upper surface of the
second metal electrode being opposite to the lower
surface of the second metal electrode,

wherein

the electronic component has a second terminal part
provided on 1ts upper surface-side,
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the second pad part of the second connection terminal 1s
connected to the second terminal part of the electronic
component by a second metal joining material,

the seal resin seals the first lead frame, the second lead

frame, and the electronic component,

the seal resin covers the lower surface of the second metal

clectrode on which the second metal oxide layer is
formed, and

at least a portion of the upper surface of the second metal

clectrode 1s a second exposed surface which 1s exposed
from the seal resin and the second metal oxide layer,
and the fourth metal plating layer 1s formed on the
second exposed surface.

4. The electronic component device according to claim 3,
wherein the second metal joining material 1s arranged 1n the
second pad part and the second metal oxide layer 1s exposed
from the second metal joining matenal.

5. The electronic component device according to claim 3,

wherein the electronic component 15 a power semicon-

ductor chip,
wherein the first terminal part of the electronic component
1s a gate terminal part and a source terminal part of the
power semiconductor chip and the second terminal part
of the electronic component 1s a drain terminal part of
the power semiconductor chip,
wherein the first connection terminal of the first lead
frame 1s a connection terminal for gate, a connection
terminal for source and a connection terminal for drain,

wherein the gate terminal part and source terminal part of
the power semiconductor chip are respectively con-
nected to the connection terminal for gate and the
connection terminal for source of the first connection
terminal, and

wherein the second pad part of the second connection

terminal 1s connected to the drain terminal part of the
power semiconductor chip, and a connection part of
one end-side of the second connection terminal 1s
connected to the connection terminal for drain of the
first connection terminal.

6. The electronic component device according to claim 1,
wherein the {irst metal joining material 1s a solder.

7. The electronic component device according to claim 3,
wherein the second metal joining material 1s a solder.
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8. The electronic component device according to claim 1,
wherein the first metal plated layer of the first pad part 1s a
noble metal plated layer.

9. The electronic component device according to claim 1,
wherein the first metal oxide layer 1s an oxide layer formed
by oxidation of metal of the first metal electrode.

10. The electronic component device according to claim
1, wherein a surface roughness of the first metal oxide layer

1s larger than a surface roughness of the first pad part.

11. The electronic component device according to claim
1, wherein the first metal oxide layer has acicular crystals.

12. The electronic component device according to claim
3, wherein the second metal plated layer of the second pad
part 1s a noble metal plated layer.

13. The electronic component device according to claim
3, wherein the second metal oxide layer 1s an oxide layer
formed by oxidation of metal of the second metal electrode.

14. The electronic component device according to claim
3, wherein a surface roughness of the second metal oxide
layer 1s larger than a surface roughness of the second pad
part.

15. The electronic component device according to claim

3, wherein the second metal oxide layer has acicular crys-
tals.

16. The electronic component device according to claim
3, wherein the first metal joining material and the second
metal joining material are a solder.

17. The electronic component device according to claim
3, wherein the first metal plated layer of the first pad part and
the second metal plated layer of the second pad part are
noble metal plated layers.

18. The electronic component device according to claim
3, wherein the first metal oxide layer and the second metal
oxide layer are oxide layers formed by oxidation of metal of
the first metal electrode and the second metal electrode,
respectively.

19. The electronic component device according to claim
3, wherein a surface roughness of the first metal oxide layer
1s larger than a surface roughness of the first pad part, and
a surface roughness of the second metal oxide layer 1s larger
than a surface roughness of the second pad part.

20. The electronic component device according to claim
3, wherein the first metal oxide layer and the second metal
oxide layer have acicular crystals.
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